Abstract Since the dawn of agriculture conventionally used genetic and breeding methods aided substantially to enhance the yield thresholds and defending various pests and diseases. However, many unsolved problems through the conventional methods can be witnessed even after many decades of continuous efforts by the breeders. In this regard, biotechnology is being played an immense role in agriculture by providing better feed and fuel to the growing world. In the present paper, in order to reiterate the significance of this essential technology to those who ridicule it, I reviewed the fruitful outcomes of the intervention of biotechnological tools in food and nutrition security besides offering plausible solutions to inheriting, as well as emerging constraints in a comprehensive and concise manner.
Introduction
Feeding 9 billion people, anticipated by 2050 with virtually no scope for horizontal growth and shrinking farm resources besides uncertainties in global climate, is an undoubtedly a challenging task. Despite of significant progress in crop breeding especially rice and wheat after the Green Revolution in mid sixties, the plateauing or declining of growth in yield could be witnessed from 1990 onwards. This could be attributed to ceiling of yield threshold, increased pests and diseases, etc. For the past few decades, however, productivity of agricultural crops has been enhanced through the process of advanced plant breeding methods and crop management practices. Recent advances in innovative biotechnological tools aided immensely to the enhanced production, as well as to unravel the issues related to defending biotic and abiotic stresses. The benefits of biotechnology in agriculture are long been supported by the farmers around the world. Breeding of new crop varieties, production of biofertilizers, biopesticides and propagation of material, disease diagnostics and the conservation and management of crop genetic resources are some of the implications of biotechnology. Indeed, biotechnology is not a new science, as it was reported to be, but it exists since 8,000 years when the ancient Sumerians used yeast to make beer. Principles of heredity discovered by Gregor Johann Mendel (July 20, 1822-January 6, 1884), widely regarded as 'Father of Genetics', provided the foundation for modern biotechnology. According to the Convention on Biological Diversity (CBD), biotechnology defined as 'any technological application that uses biological systems, living organisms, or derives thereof, to make or modify products or processes for specific use' [1] . However, nowadays the term 'biotechnology' is being used only to DNA techniques, molecular biology and genetic engineering methods. In the present context, the CBD definition of biotechnology which covers using of either biological organisms or its products or any other novel biotechnology tools such as molecular biology and genetic engineering methods for human welfare is considered in the current review. Supplementation of biotechnology methods in crop improvement coupled with timely management practices possibly unravels the current and future needs of food security and nutrition. Despite its 20 years of commercialization and success of the many products of biotechnology, still many people ridicule the importance of this technology. In this regard, in the present review, implications of biotechnology in agriculture with special emphasis on crop improvement, defending against pests, diseases and weeds besides nutrition security were discussed.
Creation of Genetic Variability
Important prerequisite in breeding is the availability of variation in the germplasm. It is well-known fact that most of the agricultural crops endowed with rich genetic variability in their germplasm. The source for this variability exists in the form of wild/weedy species, landraces, modern cultivars and induced mutants in addition to the genetic variability created by the transgenic plants and varieties developed using marker-assisted selection (MAS). However, more than 80 % of the present day cultivars have been developed from the few parental lines that are derived from the modern cultivars only. The main reason for heavy dependence on modern cultivars is that most of the breeders are under the impression that the existing variability is adequate to meet the future varietal needs. In addition, strong sexual barriers to introgress the genes from the distant relatives and introduction of undesirable traits (linkage drag) into the adapted cultivars made the breeders reluctant to opt from distant gene pools. However, to cater the needs of the future food requirement, it is inevitable to tap hidden variability of wilds and landraces. Further, over 85-90 % of the still unexploited variability lies unused in landraces and wild/weedy relatives. Thanks to the recent advances in molecular biology techniques which helped to transfer the genes from any distant organism besides. One classic example of the introgression of genomic region from a relative was the use of the short arm of rye chromosome 1R in wheat. In the early 1990s, this wheat-rye translocation was used in 45 % of 505 bread wheat cultivars in 17 countries [2] . A recent striking example is the improvement of a tomato variety AB2 with high yield and increased sugar content by introducing a chromosome segments harboring a yield-associated QTL, i.e. Brix9-2-5 from the inedible wild species Solanum pennelii into the genetic background of an elite variety via MAS by a fruitful collaboration of Hebrew University of Jerusalem and the Max-Planck-Institut für Molekulare Pflanzenphysiologie, Golm [3] . Today, the AB2 is the leading tomato variety in California, a largest producer of industrial processing tomatoes in the world.
In crops like rice and wheat no major breakthrough in yields could be achieved after green revolution because of breeder's exclusive dependence on very limited variability for yield-related traits (DGWG in rice and Norin 10B in wheat). To this end, some of the dwarf accessions with alternate gene(s) to widely used Dee-Gee-Woo-Gen allele of sd-1 gene in rice have been identified [4] . Recently, in a green super rice (GSR) project, spearheaded by Dr. Zhikang Li, International Rice Research Institute (IRRI) molecular geneticist developed a large collection of rice varieties that retain their stable, sustainable yield potential even when grown with fewer inputs (fertilizer and pesticides) or under unfavorable environmental conditions by crossing 46 recurrent parents with 500 donors [5] . By inclusion of this kind of breeding material, it is possible to broaden the genetic base of the existing germplasm of the rice. However, for certain traits like sheath blight and stem borer resistance in rice there is no source been found in the existing germplasm so far (Table 1) . These circumstances prompt breeders all over to create novel and additional variability. Earlier, mutagens (either chemical or radiation) used to be the option to create additional variability in the germplasm. However, the mutants generated were found to be largely lethal in nature. Point mutations, intragenic recombination, transposable elements, activation tagging and soma clonal variations are some of the biotechnology tools being used to generate novel variability. Despite the availability of such large variability in the present day cultivars, it is not clear whether plant breeding methods have reduced or enhanced the genetic diversity since the switch from traditional landraces to modern cultivars. For instance, very recently, Choudhary et al. [6] reported the increase of genetic diversity of major Indian rice cultivars released from 1970 to 2010. A meta-analysis study using 44 published papers related to trends in genetic diversity across crops reveals that there was no narrowing of the genetic base of the varieties released so far over the years [7] . No matter whatever method is used to create variability, there is a need to conserve the existing germplasm. Thanks to the Government of Norway, who took great initiative to construct the 'Svalbard Global Seed Vault' wherein duplicate samples or 'spare' copies of seeds of different genebanks are being stored. The seed vault provides insurance against the loss of seeds in genebanks, as well as a refuge for seeds in the case of large-scale regional or global crises (http://en.wikipedia.org/wiki/Svalbard_ Global_Seed_Vault).
Propagation of Seed Material
Many of the long-lived horticulturally important crops where rapid large-scale seed production is a problem, micropropagation and somatic embryogenesis methods of the tissue culture offered considerable solutions. Biotechnology intervention is apparent in recent days in mass multiplication of elite lines or disease-free planting material by culturing in vitro explants such as shoot tips, tuber sections or other cuttings. Today, using in vitro methods, range of crops including subsistence crops, banana, cassava, yam, potato, sweet potato and cocoyam; commercial plantation crops, such as cocoa, coffee, oil palm, sugar cane and tea; niche crops, such as artichoke, cardamom, garlic, ginger and vanilla; and fruit trees, such as almond, olive, pistachio, pineapple and plantain are being propagated. Biotechnology not only speeds up the large-scale propagation of horticultural crops but also troubleshoots the problems generated by the micropropagation. For instance, 'mantling', a phenotype led to a failure of fruit formation is a major problem in micropropagated material of Malaysian Oil palm. Employing biotechnological methods, the reason for mantling was identified as the altered patterns of DNA methylation that occur during tissue culture [8] . Furthermore, tissue culture techniques are being used for developing seedless fruits or sterile fruits and to create polyploids, especially triploids by embryo culture or regeneration from endosperm. As of now, many seedless fruits have been developed using these methods which include citrus, acacia, kiwi fruit, loquat, passion flower and pawpaw [9] .
Enhancement of Productivity
Despite new plant-type-based varieties and advances in hybrid technology enhanced the yield levels in unprecedented manner after the Green revolution, the burgeoning human population, as well as abnormalities in climate demands intervention of innovative biotechnology tools for crop improvement.
One of the important success stories of biotechnology in productivity improvement comes from the development of NEw RICe for Africa (NERICA) varieties by Africa Rice Centre, Cotonou, Benin formerly known as West Africa Rice Development Association (WARDA) in Africa. NERICA lines were created by crossing Oryza glaberrima, African rice and O. sativa, Asian rice by Dr. Monty Jones for which he received world's food prize in 2004. The NERICA lines combine the hardiness and weed suppression of the African rice species with the productivity of the rice species of Asia. Since these two species do not interbred naturally, WARDA breeders sought to biotechnology to overcome the infertility problem by employing embryo rescue [10] .
Another significant achievement was the development of striga-resistant sorghum varieties in Africa by Dr. Gabisa Ejeta, world food prize winner-2009. Dr. Ejeta and colleagues employed multi-pronged research approach involving molecular genetics, biochemistry and agronomy to identify gene for striga resistance, and then introgressed into both locally adapted and modern varieties. These sorghum lines were thus broadly been adapted to different African habitats [11] .
With the availability of many cloned genes and major QTL related to yield and its components and complete annotation of whole genome sequencing of many crops, now it is possible to develop 'designer crops' by manipulating different agronomic traits such as plant architecture, heading date, seed development, photosynthetic efficiency. For instance, extensive efforts are going on at IRRI to convert the C3 plant into C4 plants as photosynthesis Understanding the molecular basis of cytoplasmic-genetic male sterility (CMS), as well as other hybrid production methods including self-incompatibility and apomixis, is critical for continued improvements in hybrid technology. The reasons for limited success of this technology in India includes, high cost of hybrid seed, low quality, and insignificant yield edge over the local popular varieties besides lack of awareness too [13] . Inspite of these constraints, this technology is gaining popularity nowadays in India which is evident from the release of approximately 100 rice hybrids which includes first fine grain aromatic hybrid, i.e. Pusa RH-10 from IARI, New Delhi [14] .
Detection of Genetic Seed Purity in Parental Lines of Hybrids
Maintenance of genetic seed purity of the parental lines is very important aspect for development of high quality hybrids as even one per cent impurity in the hybrid seed results in in the yield reduction of up to 10 q/ha. Hence, it is essential to make sure of presence of no admixture in the A (male sterile) and B (maintainer) lines in threeway hybrid seed production. Conventionally, the genetic purity is tested through ''Grow out test'' which usually takes one season apart from wastage of time, space, labor and inputs. To address this problem, molecular markers are being used to distinguish the parental lines at an early stage of hybrid development [15] . Further, marker-assisted breeding has been used for the improvement of parental lines resistant to bacterial leaf blight (BLB) and blast [16] . Very recently, molecular marker system has been developed for identification of restorer lines using tightly linked markers of the Rf3 and Rf4 fertility restorer loci of WA-CMC in rice [17] .
Male Sterility-Restorer System
Male sterility can be defined as inability of a plant to produce fertile pollen. For successful hybrid seed production, not only genetic purity of parental lines is essential but also the availability of CMS and restorer system. CMS line is identified spontaneously in a population or may arise from intra specific, inter specific, or inter generic crosses. Biotechnological tools such as micropropagation, embryo rescue, protoplast fusion and somatic embryogenesis aid in either maintenance and or creation of male sterile lines. As of now, numerous asymmetric somatic hybrids or cybrids have been produced as a means to transfer CMS into crop plants such as rice, rapeseed, potato, tobacco. Given the availability of tightly linked molecular markers for male sterility and restorer genes, now it is easy to convert any other variety into male sterile lines. For instance, Hui et al. [18] developed a male sterile line using molecular MAS in Chinese cabbage. In crops where there is no natural CMS-fertility restorer system, genetically engineering barnase-barstar system can be successfully used for the development of hybrids. This system was developed by Dr. C. Mariani and his group from Belgium from a bacterium Bacillus amyloliquifaciens and used for the development of transgenic in Brassica napus. This technology can be extended to other non-traditional crops as well [19] .
Defending Stresses

Biotic Stress
Biotic stresses are one of the key yield depressing factors in crop improvement. Despite availability of many pesticides to control range of insects and diseases, owing to their health hazardous nature and unaffordable prices, development of biotic stress-resistant varieties employing advanced molecular breeding and biotechnological tools gaining popularity. In situations, wherein, unavailability of resistance gene sources in existing natural germplasm and effective screening/selection techniques, biotechnological intervention is warranted. [20] . Following the revolutionary effort of developing Bt cotton, many institutions including public and private sector organizations have come out with Bt transgenics in rice, tomato, brinjal, etc., using diverse Bt genes accessed from various sources. The highest number of transgenic events for insecticidal resistance can be observed in crops such as maize, cotton and potato. Apprehensions about GM crops in public and availability of some of the resistance sources in crops, made the researchers to look for genes/QTLs for resistance to different pests so that they can easily be introgressed into the elite cultivars by MAS strategy. Surprisingly, as of now, none of the varieties have been developed for insect pest resistance in any crops using MAS (Table 2) . However, employing MAS, three Bt genes, i.e. cry1Ac, cry1C and cry2A, were introgressed to 9311 and Fuhui 838, elite parental rice lines being used for hybrid seed production in China, from the donor parents, Minghui63 (cry1C), Minghui63 (cry2A), Minghui63 (cry1Ac). These improved lines showed strong resistance to the pests without much penalty in agronomic traits [21] .
Bioprotection or Biological Control
Although synthetic pesticides dominated the agriculture in controlling the pests for many decades, now people are turning back to biological control methods owing to their target specificity and environmental safety [22] . Biological control can be defined as 'the use of living organisms to suppress the population density or impact of a specific organism, making it less abundant or less damaging that it would otherwise be' [23] . A broad spectrum of biological control agents have been identified worldwide and are being investigated for deployment in controlling different insects by predators. Among biological agents, microbial pesticides are very widely used agents for controlling pests. One among them is crystalline (cry) proteins produced by the Bacillus thuringiensis bacterium. Other biological agents are pheromones, growth regulators and hormones. These agents are very beneficial as they substitute chemical pesticides which are unaffordable, as well as environmentally unhealthy for use in resource-poor faming systems. Fungi are also a known potential agent to replace chemical pesticides. One worth mentioning example is the controlling of desert locust, a sporadic pest in wide areas of North Africa by a combination of Metarhizium fungi plus phenylacetonitrile, a hormone that effect swarming behavior of locusts. Also, Metarhizium strains have been used as an effective control agent against rhinoceros beetle [24] . Biocontrol agents include not only whole organism but also their metabolites and macromolecules which are being employed to control insect pests. Among others, entomopathogenic fungi are successfully used to control insects. The fungal spores or conidia of them when come in contact with the insect cuticle, they germinate, penetrate and proliferate in the insect tissue by sucking up all its nutrients. The spores or conidia have been formulated for use as insect control agents and sold under different trade names such as Bio-power, Bio-Catch and Bio-Magic. Important entomopathogenic fungi are Metarhizium anisopliae, Beauvaria bassiana, Nomuraea rileyi, Trichoderma viride, Lecanicillium muscarium, etc. Entomopathogenic viruses also can as well be used for control of insect pests. For instance, Nucleopolyhedrosis virus (NPV) infects Helicoverpa armigera, Spodoptera litura and Hyblaea puera, whereas Granulo viruses control Chilo infuscatellus and Plutella xylostella. Parasitoids like Trichogramma chilonis and entomopathogenic nematodes such as Steinernema carpocapsae, S. bicornutum and Heterorhabditis indica are also powerful insecticidal biocontrol agents. In India, International Centre for Genetic Engineering and Biotechnology (ICGEB), New Delhi has successfully evaluated and registered a liquid formulation of Photorhabdus luminescens, a gammaproteo bacterium which is harbored in the gut of the entomopathogenic nematode H. indica and produces insecticidal toxin complex A (Tc A). This formulation has been commercialized under a trade name 'Bioprahar'. In addition, RNAi mediated approaches also being explored to control the insect pests. Transgenic plants expressing double-stranded RNA of a cytochrome p450 gene control the cotton bollworm larvae effectively by retarding its growth. Likewise, plant extracts from Azadirachta indica (Neem oil) containing azadirachtin and their limonoids have been successfully used against whiteflies, thrips and aphids, with trade names of Nimbecidine EC and Margosom EC [25] . Protection Against Pathogens Molecular strategies employed against diseases vary with the pathogen. In the case of fungal and bacterial diseases, especially if they are multi racial and race-specific resistance is available as in the case of rusts in wheat (Puccinia triticina causes 'black rust', P. recondita causes 'brown rust' and P. striiformis causes 'Yellow rust') and blast (Magnaporthe grisea) and BLB (Xanthomonas oryzae) in rice. Gene pyramiding in different harmonious combinations of resistance genes using race-specific markers provides wide spectrum, durable and enhanced level of resistance [26] . For BLB in rice, combination of Xa21 alone or with some of the critical resistance genes like Xa4, xa5, xa13, Xa14, etc., gives high level of protection against the disease. Similarly in the case of rice blast also staking together of region-specific harmonious resistance genes has been reported to provide very high and durable resistance to the pathogen. Indian scientists made significant progress in the development of varieties resistant to different diseases employing MAS. As of now three resistant varieties viz., HHB 67-2 for powdery mildew, RPBIO226 and Pusa1460 for BLB have been released in Pearl millet and rice, respectively (Table 2 ). In cases of disease causing agents, which do not have resistance sources in the gene pool, various genetic engineering strategies have been adopted based on increasing understanding of molecular events occurring during plant-pathogen interactions. As for the fungal pathogens, the strategies tried out include manipulation of expression of antifungal compounds, which broadly include pathogenesis-related proteins (PR), ribosome inactivating proteins (RI) and metabolites like phytoalexins, resistance genes (R genes) from plants [27] .
Viral Diseases
Among plant diseases, viral diseases which are seldom managed by host plant resistance cause heavy crop losses. While there are many effective chemical treatments and agronomic practices are available to control fungi, bacteria and nematode, there are no equivalent virus control agents. Virus control, therefore, rests on endogenous resistance of the plant itself. If a plant is susceptible to virus, it can devastate entire crop. This has prompted efforts to deploy genetic engineering approaches for the development of virus resistance crop plants. There are two approaches for engineering resistance in terms of source of the gene, i.e. they can be either from the virus itself or from other sources. The former is based on pathogen-derived resistance (PDR), wherein transferring of a part or the complete gene provides desired resistance by interfering with one or more steps in the life cycle of the virus. Use of PDR to control viral disease was reported in the form of coat protein-mediated resistance (CPMR) [28] . Since then, there have been growing number of examples of development of viral-resistant crops can be witnessed. The first commercial sale of virus-resistant squash was developed by Asgrow Co in 1995 by transferring coat proteins of zucchini yellow mosaic virus (ZYMV) and watermelon mosaic virus (WMV) (Kalamazoo, MI, USA) [29] . Later, another notable product using this method resulted in resistant papaya varieties to papaya ringspot virus (PRSV) in Hawaii in 1998 [30] . The other approach being gained popularity is RNA-mediated virus resistance. Using this approach, bean golden mosaic virus (BGMV)-resistant common beans line (named Embrapa 5.1) was developed in Brazil [31, 32] . Wild species are known for their resistance to multiple diseases and pests. Rice grassy stunt virus is a serious disease in Asia to which hardly any natural resistance is available. This virus is transmitted to the plant by a brown planthopper, Nilaparvata lugens. IRRI (Manila, Philippines) scientists released three virus resistance varieties in 1974 using Asian progenitor accession Oryza nivara with the help of tissue culture methods as it is difficult to develop hybrids between wild and cultivated varieties using conventional breeding methods [33] . It is wellknown fact that new crop pests and diseases are constantly evolving with increased global transportation and trade across the world. In these circumstances also biotech methods have a significant role in surveillance and detection and combating such threats in breeding programmes. Rapid identification of new pathogens and especially their genome sequences will facilitate the development of control strategies based on earlier experiences with the pathogen. Though, as of now, no variety has been released for any virus resistance in plants applying MAS, efforts are underway to identify the major QTLs governing it. For instance, CIMMYT is attempting to incorporate major QTL for maize streak virus, prevalent in African countries into elite maize varieties through MAS.
Disease Diagnosis
Finding the causal agent for a disease is important due to many viral diseases exhibit similar symptoms. Knowledge of the nature of the pathogen is necessary to develop and apply appropriate management measures. Biotechnology offers to diagnose the diseases of both viral and bacterial origin. Popularly used techniques for disease diagnostics are enzyme-linked immunosorbent assay (ELISA) [34] , monoclonal antibodies [35] and DNA-based methods [36] . These diagnostic techniques are routinely used for quarantine systems, production of seeds and other propagation material.
Weed Management
Weed control is one of the most important issues to be addressed in the crop improvement. Since the Green revolution, agricultural crops depended heavily on chemical agents, i.e. herbicides and pesticides to ensure higher yields which led to the turning of breeders attention from the improvement of traits related to weed competition to higher yield. Subsequent increased use of herbicides and pesticides caused detrimental effect on the environment, as well as on human health. While biological control contemplated as an enviable alternate option for these biotic stresses they often proved ineffective in practice. Employment of crop management practices and application of pre-emergence herbicides could not control weeds effectively. Recent advancements in biotechnology effectively being tackled this problem.
Herbicide Tolerant Crops
Development of herbicide tolerant plants through biotechnological means especially genetic engineering methods would confer solution to the yield loss caused by the weeds without impairment of the crop. Among commercially registered transgenic plants, the highest number constitutes herbicide tolerance only (Fig. 1) . This herbicide tolerance crops have been increasingly used worldwide covering an area of 100 of 170 Mha of GM crops (http://www.isaaa. org/resources/publications/pocketk/foldable/Pocket%20K 16%20(English).pdf. However, the risk of horizontal gene flow, from transgenic crops to weeds by which the latter one gain novel characteristics, demand the use of alternative methods with least impact on the environment [37] .
Allelopathic Effect
Allelopathy, an effect of one plant on another mediated through the exudation of chemical compounds that escape into the environment, is regarded as one of the promising methods of controlling weeds effectively. The allelopathic effects might include direct influence of root exudates excreted in the rhizosphere and/or release of allelopathic compounds during decomposition of plant residues. Accumulated evidence shows that there are large differences between crop cultivars in their allelopathic effect. This variability led to the identification of many genomic regions or quantitative trait loci (QTLs) associated with allelopathy in various crops such as rice, wheat, maize, oats and rye [38] . Identification of QTLs for allelopathy-related traits suggest a possibility of transferring these QTL regions into elite cultivars via MAS. However, the effectiveness of allelopathy on weed control largely relies on combining of crop management practices with ecological, physiological, biochemical and molecular processes. For example, using of cultivars with enhanced allelopathic activity in crop rotation could effectively control the weeds [39] .
Weed Genomics
The genomic approaches extended to gain better insights in the area of weed biology, called as 'weed genomics'. This new science has implications in agriculture. Firstly, it helps in the identification of novel genes of economic value from weeds. For instance, several weeds are tolerant to aluminum, a trait that is virtually absent from field crops. Secondly, improve the understanding of herbicide resistance and subsequently identification of novel herbicide targets. Thirdly, our understanding of weed biology would be enhanced greatly [40] .
Abiotic Stresses
Among abiotic stresses that severely repress productivity of crop plants, drought, submergence and temperature extremes are important. One of the ecosystems, wherein tremendous scope exists to narrow the yield potential and current yield of crops is rainfed ecosystem which covers 170 Mha of land in the world. Plant's ability to withstand such stresses results from cumulative effect of component physiological and biochemical functions. The breeding of drought-tolerant varieties by conventional approaches is hampered mainly by the complex, polygenic nature of drought tolerance, and their complicated screening techniques. However, there have been some successes in developing drought tolerance by conventional breeding. One of the noteworthy examples is the open-pollinated maize variety ZM521 developed by the International Maize and Wheat Improvement Centre (CIMMYT), Mexico. The variety ZM521 not only exhibits remarkable vigour when afflicted by water shortage, but also yields between 30 and 50 % more than traditional varieties under drought [41] . The wheat varieties Drysdale and Rees are two further notable examples showing that conventional breeding can develop drought tolerance using the DELTA technique, a gene selection approach based on carbon isotope discrimination by Australia's Commonwealth Scientific and Industrial Research Organization (CSIRO). Drysdale reported to outperform other varieties by up to 40 % under very dry conditions [42] . The MAS strategy also has greatly helped in the development of drought tolerance varieties. A first drought tolerant aerobic rice variety, i.e. MAS 946-1 released in India in 2007 from the University of Agricultural Sciences (UAS), Bangalure by crossing a deep-rooted upland japonica variety from the Philippines, i.e. Azucena with a high yielding indica variety Kalinga III by MAS strategy. The newly bred variety consumes up to 60 % less water than traditional varieties [43] . Another promising product of MAS is the development of submergence tolerant variety Swarna sub1 in rice. Normal rice varieties are intolerant to complete flooding more than 3 days, whereas varieties with the sub1 gene from FR13A can survive up to 2 weeks or more. This gene was also incorporated into other mega rice varieties, i.e. BR11-Sub1, IR64-Sub1 by IRRI using MAS [44] . The Water Efficient Maize for Africa (WEMA) program developed drought tolerant maize employing MAS by the African Agricultural Technology Foundation, CIMMYT and Monsanto, is going to be released commercially in the US in 2014 and in Sub-Saharan Africa by 2017 [45] .
Knowledge Transfer from Model Plants to Crop Plants for Better Understanding of Abiotic Stress Tolerance
The Arabidopsis, a well-known model plant in molecular biology has allowed the identification of many genes involved in pathways of different stress tolerant mechanisms. Most promising breakthroughs of basic biology in the last decade include understanding of abscisic acid (ABA) biosynthesis, ABA receptors and ABA signal transduction pathway. The detailed understanding of it undoubtedly broadens our understanding of drought tolerance. Biotechnological approaches to improve stress tolerance in plant broadly may involve over expression or suppression of genes involved in particular aspects of cellular homeostasis such as somatic adjustments, chaperons or antioxidants. Besides, genes encoding members of the AP2/ERF transcription factor family including the dehydration response element binding protein (DREB), ABA response element binding proteins (AREB) and NAC transcription factors have all shown promise in addition to genes encoding signal transduction such as kinases and protein modification enzymes [46] . Attempts are being made to develop salinity tolerant transgenic varieties using identification of unique genes from Mangrove plants by MS Swaminathan Research Foundation (MSSRF) [47] , Chennai. Likewise, ICGEB, New Delhi, also being attempted to develop transgenic salinity tolerant rice by engineering glyoxalases [48] and helicases [49] apart from basic understanding of the salinity tolerance, a complex trait. MicroRNA, a small non-coding RNA molecules also demonstrated to have great role in control of drought tolerant mechanisms [50] .
Microbial Symbiosis for Abiotic Stress Tolerance
Naturally occurring soil microbes may be used as inoculants to maintain crop yields despite decreased inputs especially water and nutrients. Microbial symbiosis often alters rates of water movement into, through and out of host plants, thereby altering tissue hydration. Under drought, arbuscular mycorrhizal (AM) fungi-infected plants show higher stomatal conductance and transpiration rates than non-AM plants which have been correlated with altered phytohormone ratios. In addition, AM symbiosis can compensate limited water availability during intermittent periods of drought or when irrigation volumes are reduced by maintaining plant water status, thereby improving crop water use efficiency [51] . Recent studies have shown that many of the plant growth-promoting rhizobacteria (PGPR) enhance tolerance to abiotic stresses especially drought and salinity [52] .
Plant Nutrition
As with biopesticides or biological control agents, biofertilizers, nitrogen-fixing bacteria and/or mycorrhizal fungi also have implications to enhance the yield levels in plants.
Biofertilizers not only reduce the input cost to the farmers but also environmentally safe as they prevent accumulation of nitrates and phosphate within soils. There are many instances where the biofertilizers can be used as an alternative to chemical fertilizers. For example, rhizobial inoculants were used to augment the nutritional status of soybean, groundnut and mungbean crops in Thailand [53] . A marketable biofertilizer based on Rhizobium inoculants, i.e. Biofix was developed for sorghum by Kenya in a 'Microbial Resistance Centre Network' (MIRCEN) project of UNESCO. This is the first success story of biofertilizers that has been in use since 1981 [54] . Subsequently, a Rhizobium-based biofertilizer developed by the National University of Mexico for common bean was commercialized in 2003 under the trade name of 'Rhizofer' [55] . It is being sold either on its own or in combination with spores of the mycorrhizal fungus Glomus intraradices. Similarly in Philippines, inoculums of rice straw mixed with the fungus Trichoderma have reduced the composting time to as little as 21-45 days depending on the type of plant residue used. This process popularly called as 'rapid composting technology' (RCT) [56] .
Integrating rhizobacteria within nutritional management programmes undoubtedly reduce but not eliminate chemical fertilizer applications, by exploiting bacterial nitrogen fixation and/or phosphate solubilization. For instance, soil inoculum with two PGPR strains (Bacillus amyloliquefaciens IN9379 and Bacillus pumilus T4) in isolation form, or in combination with the AMF G. intraradices, sustained tomato fruit yield despite application of less fertilizer, by increasing nitrogen uptake of applied fertilizer, but not from residual nitrogen [57] . Microbial inoculants, however, could not sustain the yield once fertilizer rates dropped below 70 % of the recommended rates. Plants inoculated with AMF can decrease recommended phosphate fertilizer requirements by up to 80 % depending on the growing conditions and also significantly decrease nitrogen requirements, thereby improving crop nutrient use efficiency [58] .
Nutrition and Quality Enhancement
Most of the staple crops are nutritionally deficient in some respect either in vitamins or micronutrients or amino acids which led to different forms of malnutrition especially for children and pregnant woman. Enrichment of micronutrients (iron and zinc), amino acids (lysine and tryptophan) and vitamins in the food supplements-regarded as 'Biofortification'-is of immense value to combat malnutrition in the world. Using conventional breeding, provitamin A enhanced orange-fleshed sweet potato varieties have been developed through 'Vitamin A for Africa' (VITAA) program comprising mainly International Potato Centre (CIP), Chile together with other organizations (www.cipotato.org/ vitaa/pubs2008/VITAA.pdf). Likewise, CIMMYT succeeded in developing quality protein maize (QPM) having enhanced levels of lysine and tryptophan. However, laborious and time-consuming nature of conventional breeding and availability of molecular markers prompted plant breeders all over to opt for MAS. To this end, India succeeded in developing first QPM hybrid, i.e. Vivek QPM9 employing MAS (Table 2 ). Similar kind of program has been initiated in other Asian countries like Vietnam, China and Indonesia. In order to combat the malnutrition, HarvestPlus consortium initiated to focus three dietary micronutrients recognized by the World Health Organization (WHO) viz., iron, zinc and vitamin A in six staple food crops, i.e. rice, wheat, maize, cassava, sweet potato and common bean employing all available biotechnologies including MAS and genomic tools [59] .
When there is no genetic variability for traits like beta carotene in the existing germplasm of all cereals except maize, the only option that receives much attention is genetic engineering (GE). The first successful example of nutritional enrichment by GE method stems from the development of beta carotene rich 'Golden rice' by incorporating two genes, i.e. phytoene synthase (psy) from Dffodil (Narcissus pseudonarcissus) and Crt1 from a bacterium Erwinia uredovora which convert the lycopene to beta carotene in provitamin A biosynthesis pathway [60] . However, the first generation 'Golden rice' accumulates very less concentration of beta carotene (1.6 lg/g) due to the presence of daffodil gene (psy) that found to be limiting step in beta carotene accumulation. Later, using psy gene from maize, 'Golden rice 2' has been developed which exhibits the beta carotene concentration up to 23-folds. i.e. 37 lg/g compared to the original golden rice [61] . Though golden rice has been developed in 1999 still it is struggling to clear regulatory hurdles. The Rockefeller Foundation is providing funds to help guide golden rice through national regulatory approval processes in Bangladesh, India, Indonesia and the Philippines. The golden rice traits or related genes are being transferred into local popular varieties using MAS approach. In 2005-2007, IRRI transferred this trait to IR64. Recently, through association analysis, linkage mapping, expression profiling and mutagenesis, it has been demonstrated that variation at lycopene epsilon cyclase (LycE) gene favorably alters the flux down alpha versus beta carotene branches of the carotenoid pathway in maize [62] . Most recently, a functional variant of another gene, hydroxylase-b1 (Hydb-1/ CrtRB1) that governs conversion of beta carotene into beta cryptoxanthin has been discovered in maize [63] . Now CIMMYT is being attempted to develop robust, easy to use functional markers for LycE and CrtRB1/(Hydb-1) genes for enhanced provitamin A content in maize through MAS [64] . In India, National Institute of Plant Genome Research (NIPGR), New Delhi came up with nutritionally rich transgenic potato developed using quality protein gene, i.e. AmA1 from leafy vegetable Amaranthus [65] . Now this gene has been transferred to rice to enhance the protein content. Another, notable achievement of this institute is identification of genes governing tomato shelf life, i.e. a-mannosidase and b-D-N-acetylehexosaminidase [66] . Also, an iron-rich transgenic variety transferred with ferritin gene developed in rice [67] .
Edible Vaccines
Edible vaccines are known to as better replacement for traditional vaccines where storage and administration is a problematic to combat the infectious diseases such as diarrhoea and hepatitis especially in developing countries. Edible vaccines are manufactured by the genetic engineering methods by transferring the selected genes into widely grown crop plants such as rice, wheat, maize, banana, potato, tomato, soybean and lettuce. Accumulated reports provided the proof of principle that manufacturing edible vaccines is feasible. The first edible vaccine expressed the Streptococcus mutans surface protein antigen A (SpaA) in tobacco at 0.02 % leaf protein level was reported in 1990 [68] . Arakava et al. [69] developed transgenic potato plants that synthesize human insulin. Subsequently, expression of the hepatitis B surface antigen (HbsAg) [70] , the E. coli heat-labile enterotoxin responsible for diarrhoea, the Norwalk virus capsid protein and the rabies virus glycol protein in tomato [71] have been reported.
Prevention of Post Harvest Losses
Senescence retardation in horticultural crops (fruits and vegetables) is major thrust area to prevent post harvest losses. It gains further importance under tropical and subtropical conditions where senescence is much more rapid and an energy cost of cold storage is very high. The control over senescence was achieved by introduction of gene for ACC Synthase in tomato [72] .
Trade and Authenticity
Genuineness or authenticity of agricultural products being exported is one of the key aspects in trade to protect the interests of importers, as well as exporters. In the market, different grades of agri products with varying prices exist. Of them, certain premium products like Basmati rice receives zero per cent import duty by the importing countries. This circumstance indeed lures dishonest traders and millers to go for adulteration with cheap quality products of low price. Traditionally used morpho-physical methods failed to unravel this menace effectively on commercial scale. Again, here also, DNA-based molecular markers have shown great role to resolve this problem. A microsatellite marker-based highthroughput multiplex protocol has been developed by Centre for DNA Fingerprinting and Diagnostics (CDFD) to detect and quantify the adulteration accurately in export samples of Basmati rice. This protocol is based on capillary electrophoresis and uses eight microsatellite markers viz., RM1, RM72, RM 171, RM241, RM202, RM55, RM44 and RM348 which can detect the adulteration even at 1 % level. 'APEDA-CDFD centre for Basmati DNA analysis' housed at CDFD, Hyderabad is the only authorized centre in India to confer authenticity certificate to export samples of Basmati rice [73] .
Conclusions and Future Perspectives
Biotechnology has the potential role in food and nutrition security. However, it cannot be considered as panacea for all the problems in the agriculture and also too early to judge its impact on sustainable development. Despite promising products delivered so far, alternate approaches also should be considered in integrated manner. Completion of whole genome sequencing of crop plants culminated umpteen number and various types of molecular markers which have the potential to expedite the plant breeding process besides unraveling the genetic purity and adulteration problems. The knowledge gained from the basic research on model plants could be extended to better understand the complex biological mechanisms/pathways of crop plants. Although, the end user decides whether to opt a transgenic or non-transgenic product in the market, as a new generation tool, the biotechnology tools are deserve to be welcomed in addressing food and nutrition security problems.
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